Introduction
Colorectal cancer is one of common malignancies in the world. The incidence of colorectal cancer ranks 3rd among malignancies, and the mortality is only inferior to that of lung cancer, gastric cancer and liver cancer (Parkin et al., 2005) . Distant metastasis is the main cause of death in patients with colorectal cancer, in which liver metastasis is the most common. The liver metastasis rate of colorectal cancer is up to 20-70% (Penna and Nordlinger, 2002) , in which 1/3 is with simple liver metastasis (Kemeny, 2006) . Therefore, to further study the mechanism of liver metastasis of colorectal cancer, and seek more accurate predictors of liver metastasis are particularly important for establishment of more targeted and individualized prevention, treatment and follow-up measures. Traditional clinical and pathological indicators for prognosis of colorectal cancer include tumor invasion (Wong et al., 2008) , vascular invasion (Talbot et al., 1980) and lymphatic metastasis (Adachi et al., 1999) , but their ultimate significances are not obvious (Hu et al., 2009) . A lot of evidences indicate that, tumor-associated Yun-Long Cui, Hui-Kai Li, Hong-Yuan Zhou, Ti Zhang, Qiang Li* macrophages (TAMs) are related to early metastasis in many primary tumors, and can be used as the evaluation indicators (Leek et al., 1996; Coussens and Werb, 2002) . Although it is confirmed that, TAMs and related functional subtypes M1 and M2 are associated with the progression and metastasis in many tumors, their roles in liver metastasis of colorectal carcinoma still need to be further confirmed. In most studies, the sample size is small, with no involvement of functional subtypes of TAMs. This will cause insufficiency of study depth, leading to disunity of conclusions. In this study, the number and proportion of TAMs, M1 and M2 macrophages in colorectal cancer with larger-size samples were studied, and the correlations of TAMs with liver metastasis of colorectal cancer was further investigated. The objective is to provide useful references for seeking predictors of liver metastasis of colorectal cancer and studying its mechanism. (8) The specimens were treated by routine dehydration, formalin fixation, and paraffin embedding. The primary lesion of tumor was staged according to UICC TNM staging system (Edition 6), with pathological grading according to WHO grading system. Continuous paraffin sections were prepared using conventional methods, and the thickness of section was 4 μm.
Materials and Methods

Clinical samples and grouping
S-P immunohistochemical staining
Paraffin sections were treated by dewaxing, hydration, washing with PBS (5 minutes for 3 times), and antigen retrieval. Normal goat serum was used as a blocking solution. Primary antibody mouse anti-human CD163 monoclonal antibody (Abcam Inc., USA), mouse antihuman CD68 monoclonal antibody and mouse antihuman CD80 monoclonal antibody (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., China) were added for incubation, respectively, followed by addition of corresponding second antibodies. After incubation at room temperature by adding horseradish peroxidase labeled streptavidin, DAB liquid was added, followed by counterstaining with hematoxylin for 2 minutes. After mounting with neutral resin, the microscopic observation and cell counting were performed.
Determination of results
Staining results were determined as follows: Pale yellow to brown granules appeared in cytoplasm, with definite location and obvious staining. The section with more than 20% of stained cells was regarded as positive. Counting methods of TAMs were as follows: CD68TFHotspot area (area where the expression level of CD68-positive cells was higher than average level) was found under microscope with low magnification (100 ×), and number of cells in CD68TFHotspot area was counted under microscope with high magnification (400 ×). The average value of 6 cancerous tissue fields was regarded as the number of TAMs. CD80-and CD163-positive cells (M1 and M2, respectively) in corresponding area were counted using the same method, and the M2/M1 ratio of each sample was calculated.
Statistical analysis
Statistical analysis was performed using SPSS 13.0 statistical software. Chi-square test was performed for comparing rates between different groups. t test and single factor ANOVA were conducted for comparing measurement data meeting normal distribution and homoscedasticity, respectively. Rank-sum test was used to comparing other data, and the correlations of TAMs, M1, M2 and M2/M1 with clinical and pathological parameters were analyzed by Spearman test. P < 0.05 was considered as statistically significant.
Results
Clinical and pathological parameters of patients
As shown in Table 1 , there was no significant difference of age, gender, preoperative carcinoembryonic antigen (CEA) level, primary lesion location, T staging, lymphatic metastasis, and degree of tumor differentiation among three groups, respectively. The basic conditions in each group had comparability.
Distributions of TAMs, M1 and M2
Most of CD68-positive cells (TAMs) were located in tumor stroma, especially in invasive front. Although the expressions of CD68-positive cells in most areas of invasive front were uniform, there are still a small part of areas where the expression level of CD68-positive cells was higher than average level (CD68TFHotspot) ( Figure  1 ). The distributions of CD80-and CD163-positive cells (M1 and M2, respectively) were similar with TAMs, respectively. Figure 2 showed that, TAMs medians (ranges) in group A, B and C were )/HP, respectively. With increase of liver metastatic ability, the number of TAMs decreased gradually, but the difference among three groups was no significant (P > 0.05). M1 medians (ranges) in group A, B and C were 40.55 (10.25-90.17)/HP, 30.42 (8.5-120.67)/HP and 15.75 (2.67-44.42)/HP, respectively. With increase of liver metastatic ability, the number of M1 was reduced, with significant difference between any two of three groups (P < 0.05 or P < 0.01). M2 medians (ranges) in group A, B and C were 16.00 (1.5-50.67)/HP, 22.62 /HP (19.17-80.42)/HP and 33.92 (7.17-105.83)/HP, respectively. The number of M2 increased with increase of liver metastatic ability, and the difference between any two of three groups was statistically significant (P < 0.05 or P < 0.01). Medians (ranges) of M2/M1 ratio in group A, B and C were 0.40 (0.10-1.12), 0.77 (0.19-1.73) and 2.06 (0.32-5.23), respectively. M2/M1 ratio increased with increase of liver metastatic ability, with significant difference between any two of three groups (P < 0.01).
Correlations of TAMs, M1, M2 and M2/M1 with liver metastatic ability
Staining results showed that, in group A, number of M1 was larger than M2. In group B, the difference between numbers of M1 and M2 was not obvious. In group C, number of M2 was significantly larger than M1 ( Figure  3) .
Correlations of TAMs, M1, M2 and M2/M1 with clinical and pathological parameters
In order to further analyze the correlations of TAMs and their subtypes with patient age, gender, preoperative CEA level, lymphatic metastasis, primary lesion location and T staging, tumor differentiation degree and liver metastatic ability, the proportion of TAMs, M1, M2, and M2/M1 were ranked from low to high, and divided into four equal parts according to quartile for statistical analysis. +, ++, +++ and ++++ represented the range of 0-25%, 25-50%, 50-75% and 75-100%, respectively. Results were shown in Table 2 . There was no statistical significance of correlation of TAMs with each parameter. M1 was negatively related with lymphatic metastasis and liver metastatic ability, respectively. M2 was positively correlated with preoperative CEA level, lymphatic metastasis, tumor differentiation degree and liver metastatic ability, respectively. It was the same with M2/ M1 ratio.
Discussion
Liver metastasis is one of the major causes of death in patients with colorectal cancer. Further investigating the mechanism and seeking predictors of liver metastasis are especially urgent. Although it is confirmed that TAMs can promote the progression and metastasis of a variety of tumors, the roles of TAMs as predictors in colorectal cancer in different studies are not the same. Some studies find that, TAMs mainly exhibit anti-tumor effects in colorectal cancer. Ong et al. (2012) have investigated the colorectal cancer models and find that, TAMs can secrete chemokines and promote T cell proliferation, thus activate type 1 T cell responses and exert anti-tumor effects. Kinouchi et al. (2011) have studied 52 colorectal cancer specimens and found that, CD14 + macrophages are mainly distributed in tumor invasive front, and the 5-year survival rate of patients with large number of CD14 + macrophages is higher than patients with small number of CD14 + macrophages. So presence of a large number of CD14 + macrophages in tumor invasive front is an indicator for good prognosis.
Some studies suggest that, TAMs can promote the occurrence, development and metastasis of colorectal cancer, which is more related to the functional subtype M2. Jedinak et al. (2010) find that, there are multiple cytokines such as IL-1, IL-6 and TNF-αin in mediator containing activated macrophages, which can obviously induce the proliferation and migration of colon cancer cells. In addition, they can also activate NF-κB and induce colon cancer cells to produce VEGF, thus promoting angiogenesis and tumor progression and metastasis. As found by Pander et al. (2011) , there are a large number of M2 macrophages in colorectal cancer, which promote the progression of tumor by secreting IL-10 and VEGF. Green et al. (2009) have established colorectal cancer models for studying the signaling system between colorectal cancer cells CT-26 and RAW 264.7 macrophages. They find that, CT-26 and RAW 264. 7 are attracted to each other, and with presence of CT-26, RAW 264.7 become protrusive phenotypes with high migratory ability, which are more similar with M2.
Other studies find that, TAMs have double functions in colorectal cancer. As found by Algars et al. (2011) , the number of peritumoral M2 in colorectal cancer are positively correlated to survival time, but in stage IV colorectal cancer, it is negatively related to disease-free survival time. In addition, distant tumor metastasis and recurrence are easier to appear in patients with high proportion of intratumoral M2 than patients with low proportion. So it is believed that, the role of TAMs on colorectal cancer depends on TAMs type, location in tumor and tumor staging. Imano et al. (2011) have studied 41 cases of stage II and stage III colorectal cancer specimens and find that, TAMs in center area of colorectal cancer can promote the liver metastasis, while TAMs in tumor invasive front can inhibit the liver metastasis. Zhou et al. (2010) have investigated TAMs subtypes in colon cancer and find that, TAMs can simultaneously express the markers of M1 and M2. So TAMs are the combination of M1 and M2, but not single M1 or M2. Multivariate and univariate analysis find that, the phenotypic mixing density of TAMs is an independent factor for prognosis in stage IIIB colorectal cancer.
Reasons for above different conclusions may be as follows: (1) The sample size in most studies is small. (2) All cases of colorectal cancer were enrolled in general statistics, without fine grouping of liver metastatic ability for comparison. Different proportion of cases with high and low liver metastatic ability will lead to different conclusions. (3) Majority of studies only involve the total number of macrophages (M1+M2), without differentiating M1 and M2 which have opposite effects. In different samples with the same total number of M1 and M2 which have different proportions, the effects of macrophages on liver metastasis of colorectal cancer are not the same.
In this study, in order to make up above deficiencies, 120 cases of colorectal cancer specimens with larger sample size were selected for research. In addition, the liver metastatic ability is finely grouped, and TAMs subtype M1 and M2 are studied. Results show that, with increase of liver metastatic ability, the number of TAMs does not significantly change. This indicates that, the number of TAMs is not very sensitive to liver metastatic ability. With increase of liver metastatic ability, numbers of M1 and M2 amount obviously change, respectively, with statistical difference among three groups, indicating that both M1 and M2 are more sensitive to liver metastatic ability than TAMs. Due to individual differences, the absolute number of M1 and M2 are obvious difference. Therefore, it is a big problem to determine liver metastatic ability of colorectal cancer only according to number of single M1 and M2. This is confirmed by results in this study that, M2/M1 ratio is most sensitive to change in liver metastatic ability, with significant difference among three groups. Therefore, it will be more accurate to use TAMs, M1 and M2 number and M2/M1 ratio for evaluating the liver metastatic ability of colorectal cancer.
As found in this study, there no correlation of TAMs with each clinical and pathological parameter. M1 is negatively correlated with liver metastatic ability and lymphatic metastasis, respectively, which has proved the anti-tumor property of M1. Ma et al. (2010) have studied non-small cell lung cancer and find that, M1 is an independent factor for good prognosis. Notably, M2 is almost significantly correlated with all parameters related to tumor invasiveness such as preoperative CEA level, lymphatic metastasis, tumor differentiation and liver metastatic ability. CEA is a common tumor marker, and is closely related to liver metastasis of colorectal cancer (Leskoviku et al., 1992; Thomas et al., 1995; Hatate et al., 2008) . Aarons et al. (2007) find that, CEA can act on the receptor in macrophages, and stimulate macrophages to secrete cytokines and endothelial cell adhesion molecules, thus promoting the liver metastasis in colorectal cancer. Recent study of Rolny et al. (2011) finds that, host-derived histidine-rich glycoprotein can down-regulate the expression of placenta growth factor, and promote the differentiation of M2 to M1, thus reducing the tumor growth and metastasis. This has also confirmed the tumor promoting effect of M2. Takai et al. (2009) find that, M2 is associated with the progression and metastasis of hepatocellular carcinoma. These are consistent with results of this study that, M2 plays a very important role in tumor metastasis. In addition, preoperative CEA is positively correlated to M2, indicating that CEA may be associated with M2 type differentiation of macrophages.
In conclusions, effects of TAMs on liver metastasis of colorectal cancer do not depend on the total number of TAMs, but on the number and proportion of the functional subtype M1 and M2. M2 number and M2/M1 ratio are more accurate predictors for liver metastasis of colorectal cancer.
